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Abstract. An anomiid bivalve, Pododesmus {Pododesmus) dunhamorum sp. nov., from lower Eocene

shallow-marine strata in the upper part of the Crescent Formation on the west side of Dabob Bay,

Jefferson County, eastern Olympic Peninsula, Washington, is the earliest known species of this genus

and subgenus. The new species is one of two Eocene species of Pododesmus s.s. that inhabited hard

substrate in nearshore waters along the Pacific coast of North America. The other species is P. (P.)

inornatus (Gabb, 1864) from the middle Eocene of central California and southwestern Washington.

INTRODUCTION

Pododesmus sensu stricto (Bivalvia: Anomiidae) is known

only from a few Tertiary fossil species in the Americas

and New Zealand and two extant species in the Americas.

The most widespread living species is Pododesmus {P. ) rudis

(Broderip, 1834), which is found byssally attached to rock,

coral, shell, or other hard substrates in shallow waters

along the coasts of South Carolina, Florida, Texas, Ber-

muda, West Indies, Brazil, and central Argentina (Car-

CELLES, 1941; Abbott, 1974; Rios, 1975). According to

Abbott (1974) and RiOS (1975), Pododesmus leloiri Car-

celles, 1941, from the Golfo San Matias, Argentina, is

probably a synonym of P. (P.) rudis. The only other un-

doubted living species oi Pododesmus s.s. is P. (P.) foltatus

(Broderip, 1834), which ranges from western Mexico to

northern Peru (KEEN, 1971).

Described herein is a new species of Pododesmus s.s.

from lower Eocene strata in the upper part of the Crescent

Formation, western Washington (Figure 1). This is the

earliest record of this genus and subgenus. Previously, the

earliest record of Pododesmus s.s. was from middle Eocene

strata in central California and western Washington

(Weaver, 1942 [1943]).

Abbreviations used for catalog and/or locality numbers

are: CSUN, California State University, Northridge;

LACM and LACMIP, Natural History Museum of Los

Angeles County, Los Angeles, Malacology Section and

Invertebrate Paleontology Section, respectively; UCMP,
University of California Museum of Paleontology.

STRATIGRAPHIC DISTRIBUTION
AND GEOLOGIC AGE

Pododesmus (P.) dunhamorum sp. nov. was found at three

localities in the upper part of the Crescent Formation along

the west side of Dabob Bay about 50 km west of Seattle,

Jefferson County, Washington (Figure 1). Localities

CSUN 1511 and 1512 are very near each other, and CSUN
loc. 1502 is approximately 6 km farther north. Thirty-

nine specimens were found, four at loc. 1502, 22 at loc.

1511, and 13 at loc. 1512. All are single valves; four left

valves, 12 right valves, and 23 of which the valve type

cannot be determined. Preservation ranges from poor to

good, and at loc. 1511, 40% of the specimens are molds.

The lithologies at CSUN Iocs. 1511 and 1512 and their

depositional environment and geologic age are discussed

by Squires et al. (1992). At both localities, there is fos-

siliferous pebble conglomerate interbedded with basalt units

that were extruded into very shallow-marine waters. Ero-

sion of the basalts by storm waves produced rubble that

was transported offshore, where substrate-attaching spe-

cies, like Pododesmus (P.) dunhamorum, were able to

inhabit it. The upper Crescent Formation in this area is

late early Eocene in age on the basis of its contained cal-

careous nannofossils, benthic foraminifera, and macrofos-

sils. This age is equivalent to calcareous nannofossil Zones

CPlO-CPll, which straddle the boundary between the

provincial molluscan "Capay Stage" and "Domengine

Stage."

Fossils from CSUN loc. 1502 were collected from boul-



R. L. Squires, 1993 Page 271

der-sized blocks of Crescent Formation that are within a

modern landslide. The strata at this locality are litholog-

ically, macrofaunally, and paleoenvironmentally similar to

those at CSUN Iocs. 1511 and 1512. The rocks in the two

areas are coeval (Squires, 1992).

SYSTEMATIC PALEONTOLOGY

Family Anomiidae Rafinesque, 1815

Genus Pododesmus Philippi, 1837

Type species: Pododesmus decipiens Philippi, 1837 [= Pla-

cunanomia rudis Broderip, 1834], by monotypy; Recent,

South Carolina to Argentina.

Subgenus Pododesmus s.s.

Pododesmus {Pododesmus) dunhamorum

Squires, sp. nov.

(Figures 2-9)

Anomiid {Pododesmus-Wkc, new genus?): SQUIRES et a!., 1992:

7, table 1, pi. 1, figs. 28-29.

Diagnosis: Medium-sized Pododesmus, ovate, sculpture of

15 to 17 radial ribs on both valves; byssal foramen small,

closed by a calcareous plug immediately adjacent to mod-

erately elevated crurum.

Description: Medium-sized Pododesmus, reaching 24 mm
in height, ovate, slightly inequivalved with left (free) valve

more inflated, slightly inequilateral, beaks central, shell

thin. Left valve with approximately 15 to 17 low, some-

what irregular radial ribs; interior margin of valve flat-

tened. Right valve with attachment scar covering anterior

one-fourth of valve, remainder of valve with approximately

15 to 17 radial ribs, spinose near ventral margin of valve.

Radial ribs smaller and more crowded anteriorly. Right

valve with small byssal foramen, encircled by a low rim;

lower half of byssal foramen plugged by a calcareous de-

posit. Foramen situated beneath and immediately adjacent

to a moderately elevated crurum (= chondrophore). Cru-

rum with a narrow slot for resilium. Interior of right-valve

margin somewhat flattened.

Holotype: LACMIP 11515.

Type locality: CSUN loc. 1511, 47°44'45"N, 122°51'06"W.

Paratypes: LACMIP 12227-12229; all from CSUN loc.

1511.

Dimensions: Of holotype, height 20.9 mm, length 18.1

mm; paratype 12227, height 16 mm, length 14.5 mm;

paratype 12228, height 24 mm, length 20 mm; paratype

12229, height 17 mm, length 16 mm.

Discussion: The new species is assigned to Pododesmus s.s.

on the basis of the combination of the following features:

radial sculpture on both valves, small plugged byssal fo-

ramen, and the unnotched dorsal margin of the relatively

x'S^!°'J"an,

•Canada

Figure 1

Location map for localities of Pododesmus (Pododesmus) dun-

hamorum Squires, sp. nov.

thick right valve. The new species is remarkably similar

to Pododesmus (P.) decipiens, the type species of Pododesmus

s.s., and especially to specimens (LACM 78-95, LACM
78-96) of the type species from Golfo San Jose, Chubut

Province, Argentina. Olsson & Petit (1964:529-530, pi.

77, fig. 1) gave a detailed description of Pododesmus (P.)

rudis (Broderip, 1834), the junior subjective synonym of

P. (P.) decipiens, and figured the interior of the right valve.

Carcelles (1941:pl. 1, figs. 1, 2) and Keen (1969:fig.

CI 03 12a, b) also provided illustrations of P. (P.) rudis.

The shell of Pododesmus is morphologically similar to

that of Anomia Linne, 1758, the main distinction being

that Pododesmus has two muscle scars in the central "white

area" on the interior of the left valve rather than three, as

in Anomia (Beu, 1967; Keen, 1969). Also, in Pododesmus

both valves are radially sculptured, opaque, and fairly

thick, whereas in Anomia the right valve lacks radial sculp-

ture and both valves are translucent and usually thin (Beu,

1967). Pododesmus is further distinguished by a byssal

foramen that may be partially or entirely closed and which

does not open as a slit at the dorsal margin, and a byssal

plug that may be retained within the foramen (Beu, 1967;

Keen, 1969). Although the muscle scars on the left valve

are not preserved in the new species, the overall mor-
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Explanation of Figures 2 to 9

Figures 2-9. Pododesmus (Pododesmus) dunhamorum Squires, sp. nov., CSUN loc. 1511. Figures 2-3: paratype,

LACMIP 12227, left valve, x 2.6; Figure 2, exterior; Figure 3, interior. Figures 4-7: holotype, LACMIP 11515,

right valve, x2.5; Figure 4, exterior; Figure 5, interior; Figure 6, dorsal view of hinge line; Figure 7, anterior

view. Figure 8: paratype, LACMIP 12228, right-valve interior, x2.2. Figure 9: paratype, LACMIP 12229, right-

valve interior, x2.4.

phology of both valves is in keeping with features of Po-

dodesmus rather than of Anomia.

Pododesmus is anatomically the most primitive living

anomiid (YoNGE, 1977, 1980), and it probably evolved

into Anomia (YoNGE, 1977). Using shell microstructure of

primarily the right valve. Carter (1990) subdivided the

anomiids into three groups. The only species oi Pododesmus

that he studied was the living Pododesmus (Monia) macro-

chisma (Deshayes, 1839), and he included it among the

''Anomia simplex group" that is characterized by a right

valve with an outer layer of calcitic simple prisms and

inner layers of aragonite and a left valve that always has

a prominent layer of foliated structure. This group rep-

resents a primitive microstructure grade that is compatible

with the primitive soft anatomy of P. (M.) macrochisma

(Carter, 1990).

Keen (1969) recognized four subgenera in Pododesmus:

Pododesmus s.s., Monia Gray, 1850, Heteranomia Winck-

worth, 1922, and Tedmia Gray, 1853. The only two sub-

genera with a known fossil record are Pododesmus s.s. and

Monia. Keen ( 1 969) distinguished these two genera on the

basis of the size of the byssal foramen, with Pododesmus

having a much smaller one. Hertlein & Grant (1972)

reported Pododesmus as having thicker valves and a smaller

foramen than Monia, and that the foramen is always plugged

in Pododesmus but is usually open in Monia. Beu (1967)

considered Monia to be a distinct genus and not a subgenus

of Pododesmus. He noted that the right valve oi Pododesmus

is considerably thicker than the very thin right valve of

Monia and that the byssal plug is small and permanently

fused into the shell in Pododesmus, whereas in Monia the

byssal plug is large, thin, and completely free. Further, in

Pododesmus the crurum is approximately triangular, with

anterior and posterior dorsal resilial surfaces, whereas in

Monia the crurum has only a single dorsal resilial surface.

Although the crurum of the new species is not well pre-
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served and is incomplete even on the holotype, the other

morphologic features indicate placement in Pododesmus s.s.

rather than in Monia.

The new species is similar to Pododesmus paucicostatus

Beu (1967:240, pi. 1, fig. 3; pi. 2, figs. 6, 9, 10; text-figs.

2a, d) from the middle Miocene of New Zealand (Beu

& Maxwell, 1990). Ecu's species has all the diagnostic

features of Pododesmus s.s. and is judged herein to be as-

signable to Pododesmus s.s. The new species differs from

Beu's species in the following features: smaller valve size,

thinner valves, and smaller byssal foramen.

The new species is also similar to Paranomm scabra

(Morton, 1834; Wade, 1926:67-68, pi. 22, figs. 3-9)

from Upper Cretaceous strata in the southeastern part of

the United States. The new species, however, is smaller,

it has coarser and more closely spaced radial ribs, and a

byssal foramen is located much closer to the crurum and

lacks the long linear scar between the foramen and the

crurum.

Only two other Eocene anomiids are known from the

Pacific coast of North America. One is Pododesmus inor-

natus (Gabb, 1864:217, pi. 32, figs. 288, 288a) from the

middle Eocene in central California and southwestern

Washington (Stewart, 1930; VoKES, 1939; Weaver, 1942

[1943]; Keen & Bentson, 1944; Moore, 1987). Yokes

(1939:57-58, pi. 3, figs. 6, 7, 9, 11) assigned P. inornatus

to Pododesmus {Monia). Only one of the figured specimens

(UCMP hypotype 15587, see Yokes, 1939:pl. 3, fig. 6)

shows the interior of the right valve of P. inornatus. The

byssal foramen and crural area are very similar to that of

the new species, and I believe that P. inornatus should be

placed in Pododesmus s.s. and not in Monia. The only other

figured specimen of P. inornatus that shows the byssal

foramen area is UCMP hypotype 15589 (see Yokes, 1939:

pi. 3, fig. 11), but only the exterior of the right valve is

free of matrix. Yokes' illustration is misleading because it

gives the impression that the foramen is free of matrix.

The area around the foramen has been excavated, and the

border of the foramen is no longer present. It is impossible

to tell what the exact diameter of the foramen was, and

the larger diameter may be an artifact. Nevertheless, the

foramen is smaller than that normally present on speci-

mens of Monia. Pododesmus (P.) dunhamorum differs from

Pododesmus (P.) inornatus (Gabb, 1864) in having a less-

inflated left valve, fewer but much stronger radial ribs on

the left valve, an ornamented right valve, and in lacking

commarginal riblets or lamellae on the left valve.

The other reported Eocene anomiid from the Pacific

coast of North America is Anomia mcgoniglensis Hanna

(1927:278, pi. 31, figs. 1, 2, 5, 7), from middle Eocene

("Domengine Stage") strata of the San Diego area, south-

ern California, to southwestern Oregon (Keen & Bentson,

1944; Turner, 1938; Weaver, 1942 [1943]; Givens &
Kennedy, 1976; Squires, 1984, 1989; Moore, 1987).

Yokes (1939) questionably put A. mcgoniglensis into syn-

onymy with Pododesmus (Monia) inornatus because the

range in coarseness of sculpturing in A. mcgoniglensis over-

laps with that observed in P. (M.) inornatus. GiVENS &
Kennedy (1976), however, established A. mcgoniglensis as

a species of Anomia, on the basis of well-preserved left

valves that show three, rather than two, muscle scars.

The only other Pacific coast of North America Paleogene

anomiid species that has been assigned to Pododesmus sensu

lato is P. newcombei Clark & Arnold (1923:141, pi. 21,

figs. 3-6; Weaver, 1942 [1943]: 100-101, pi. 23, figs. 2,

3, 5) from the upper Oligocene Sooke Formation, on south-

ern Yancouver Island, British Columbia. The interior of

this species is unknown, but P. (P.) dunhamorum differs

from it by having a much flatter right valve, coarser radial

ribs, and fewer and more widely spaced radial ribs. Clark

& Arnold (1923) noted that P. newcombei is similar to

P. macrochisma (Deshayes, 1839) [= P. cepio (Gray, 1850)].

Modern workers assign Deshayes' species to the subgenus

Monia. Pododesmus {Monia) macrochisma ranges today along

the Pacific coast of North America and in Japan, and is

known as a fossil from rocks as old as late Miocene (MooRE,

1987).

By late Eocene, Pododesmus s.l. was present in New

Zealand, and Pododesmus s.s. lived there from Oligocene

through middle Miocene (Beu, 1967; Beu & Maxwell,

1990). Ihering (1907) reported iour s^tc\t% oi Pododesmus

from the Patagonian Formation in Patagonia, southern

Argentina, and Davies (1975) considered this formation

to be early Miocene in age. Hertlein & Grant (1972),

however, concluded that Ihering's generic assignment of

his four species is tenuous because of their poor preser-

vation. Pododesmus (P.) rudis has been reported from Plio-

cene rocks in Yenezuela (Weisbord, 1964). Pododesmus

s.l. was present along the Gulf Coast of North America

by the early Pleistocene (Olsson & Petit, 1964; Ward

& Blackwelder, 1987) and today persists there as P. (P.)

rudis, which also lives in the West Indies and along much

of the western Atlantic coast of South America. Gardner's

(1926) report of P. (P.) rudis from the upper lower Mio-

cene Chipola Formation in Florida and a report of this

species from the lower Pleistocene Waccamaw Formation

in North Carolina could not be substantiated by Weisbord

(1964) and Ward & Blackwelder (1987), respectively.

The geologic range of Pododesmus s.s., previously re-

ported as Miocene to Recent (Keen, 1969; Davies, 1971),

is emended herein as late early Eocene to Recent.

Etymology: The species is named for George and Cressie

Dunham, whose cooperation made the discovery of this

new species possible.

Distribution: Upper lower Eocene (near boundary be-

tween "Capay Stage" and "Domengine Stage"), upper

Crescent Formation, west side of Dabob Bay, eastern

Olympic Peninsula, Jefferson County, western Washing-

ton (CSUN Iocs. 1502, 1511, and 1512).
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LOCALITIES CITED

CSUN loc. 1502. From boulder-sized blocks within a mod-

ern landslide block at base of a steep hillside, 2 km S

of Quilcene on W shore of Dabob Bay just S of latitude

47°47'30"N, NEy4, section 36, T27N, R2W, U.S. Geo-

logical Survey, 7.5-minute, Quilcene, Washington

quadrangle, 1953, eastern Olympic Peninsula, Jefferson

County, Washington. Upper Crescent Formation. Age:

Late early Eocene (near boundary between "Capay

Stage" and "Domengine Stage"). Collectors: J. L. Goe-

dert, R. E. and M. Berglund, 1991.

CSUN loc. 1511. Pebble conglomerate, 63 m above base

of stratigraphically lowermost sedimentary interbed

found along seaclifT on west side of Dabob Bay at Pulali

Point, latitude 47°44'45"N, longitude 122°51'06"W,

central part of section 18, T26N, RIW, U.S. Geological

Survey, 7.5-minute, Seabeck, Washington quadrangle,

1953 (photorevised 1968), eastern Olympic Peninsula,

Jefferson County, western Washington. Upper Crescent

Formation. Age: Late early Eocene (near boundary be-

tween "Capay Stage" and "Domengine Stage"). Col-

lectors: J. L. and G. H. Goedert and K. Kaler, 1989-

1991. (See Squires et ai, 1992:figs. 2, 3).

CSUN loc. 1512. Same as the CSUN loc. 1511, except

106 m stratigraphically higher in section.

LITERATURE CITED

Abbott, R. T. 1974. American Seashells—The Marine Mol-

lusks of the Atlantic and Pacific Coasts of North America.

2nd ed. Van Nostrand Reinhoid Company: New York. 663

pp., 24 pis.

BEtj, A. G. 1967. Notes on Australasian Anomiidae (Mollusca,

Bivalvia). Transactions of the Royal Society ofNew Zealand,

Zoology 9(18):225-243, pis. 1-2.

Beu, a. G. & P. A. Maxwell. 1990. Cenozoic Mollusca of

New Zealand. New Zealand Geological Survey, Paleonto-

logical Bulletin 58:1-518, pis. 1-57.

Broderip, W. J. 1834. [Notes on the] Genus Placuanomia.

Proceedings of the Zoological Society of London [for 1834],

Pt. 2:2-3.

Carcelles, A. 1941. Porfof/wmii^ de la Argentina y Uruguay.

Physis (Revista de la Sociedad Argentina de Ciencias Na-

turales) 19:5-10, pis. 1-2.

Carter,
J. G. 1990. Evolutionary significance of shell micro-

structure in the Palaeotaxodonta, Pteriomorpha and Isofili-

branchia (Bivalvia: Mollusca). Pp. 135-296, figs. 1-60, charts

1-9. In: J. G. Carter (ed.), Skeletal Biomineralization: Pat-

terns, Processes and Evolutionary Trends. Vol. 1, text; Vol.

2, atlas and index, 200 pis. Van Nostrand Reinhoid Com-

pany: New York.

Clark, B. L. & R. Arnold. 1923. Fauna of the Sooke For-

mation, Vancouver Island, with a description of a new coral

by T. Wayland Vaughan. University of California Publi-

cations, Bulletin of the Department of Geological Sciences

14(5):123-234, pis. 15-42.

Davies, A. M. 1971. Tertiary Faunas—A Text-book for Oil-

field Palaeontologists and Students of Geology. Vol. 1 . The

Composition of Tertiary Faunas. Revised and updated by

F. E. Fames. George Allen & Unwin: London. 571 pp.

Davies, A. M. 1975. Tertiary Faunas—A Text-book for Oil-

field Palaeontologists and Students of Geology. Vol. 2. The

Sequence of Tertiary Faunas. Revised and updated by F.

E. Fames & R. J. G. Savage. George Allen & Unwin;

London. 447 pp.

Deshayes, G. P. 1839. Nouvellesespecesdemollusques, prove-

nant des cotes de la Californie, du Mexique, du Kamtschatka

et de la Nouvelle-Zelande. Revue Zoologique, par la Societe

Cuvierienne 2:356-361.

Gabb, W. M. 1864. Descriptions of the Cretaceous fossils.

California Geological Survey, Palaeontology 1:55-243, pis.

9-32.

Gardner, J. 1926. The molluscan fauna of the Alum Bluff

Group of Florida. Part 1. Prionodesmacea and Anomalo-

desmacea. U.S. Geological Survey Professional Paper 142-

A:l-240, pis. 29-36.

GiVENS, C. R. & M. p. Kennedy. 1976. Middle Eocene mol-

lusks from northern San Diego County, California. Journal

of Paleontology 50(5):954-975, pis. 1-4.

Gray, J. E. 1850. On the species of Anomiadae. Proceedings

of the Zoological Society of London 17:113-124.

Gray, J. E. 1853. A revision of the genera of some of the

families of Conchifera or bivalve shells. Annals and Mag-

azine of Natural History, Series 2, 11:33-44, 398-402.

Hanna, M. a. 1927. An Eocene invertebrate fauna from the

La Jolla Quadrangle, California. University of California

Publications, Bulletin of the Department of Geological Sci-

ences 16(8):247-398, pis. 24-57.

Hertlein, L. G. & U. S. Grant IV. 1972. The geology and

paleontology of the marine Pliocene of San Diego, California

(Paleontology: Pelecypoda). San Diego Society of Natural

History Memoir 2 (Part 2B): 135-409, pis. 27-56.

Ihering, H. von. 1907. Les Mollusques fossiles du Tertiaire

et du Cretace Superieur de I'Argentine. Anales del Museo

Nacional de Buenos Aires 15, Serie 3', 7:1-611, pis. 1-18.

Keen, A. M. 1969. Superfamily Anomiacea Rafinesque, 1815.

Pp. N383-385, fig. C103, la-12b. In: R. C. Moore (ed.).

Treatise of Invertebrate Paleontology, Pt. N. Mollusca 6 (1

of 3). Geological Society of America and Kansas University

Press: Lawrence, Kansas.

Keen, A. M. 1971. Sea Shells of Tropical West America

—

Marine Mollusks from Baja California to Peru. 2nd ed.

Stanford University Press: Stanford, California. 1064 pp.,

22 pis.



R. L. Squires, 1993 Page 275

Keen, A. M. & H. Bentson. 1944. Check list of California

Tertiary marine MoUusca. Geological Society of America

Special Papers 56:1-280, figs. 1-3.

LiNNE, C. 1758. Systema naturae per regna tria naturae. Editio

10, reformata, Regnum animale. Vol. 1. Holmiae. 1327 pp.

Moore, E. J. 1987. Tertiary marine pelecypods of California

and Baja California; Plicatulidae to Ostreidae. U.S. Geo-

logical Survey Professional Paper 1228-C:l-53, pis. 1-34.

Morton, S. G. 1834. Synopsis of the organic remains of the

Cretaceous group of the United States. Appendix. Catalogue

of the fossil shells of the Tertiary formations of the United

States, by T. A. Conrad. Philadelphia. 88 pp., 19 pis.; Ap-

pendix, 8 pp.

Olsson, A. A. & R. E. Petit. 1964. Some Neogene MoUusca

from Florida and the Carolinas. Bulletins of American Pa-

leontology 47(2 17): 1-71, pis. 1-7.

Philippi, R. a. 1837. Pododesmus, ein neues Genus der Ace-

phalen. Archiv fiir Naturgeschichte 3(l):385-387, pi. 9, figs,

la-d.

Rafinesque, C. S. 1815. Analyse de la nature, ou tableau

del'universe des corps organisees. Palmero. 224 pp.

RiOS, E. C. 1975. Brazilian marine mollusks iconography.

Fundagao Universidade do Rio Grande Centro de Ciencias

do Mar Museu Oceanografico: Rio Grande, Brazil. 331 pp.,

91 pis.

Squires, R. L. 1984. Megapaleontology of the Eocene Llajas

Formation, Simi Valley, California. Natural History Mu-

seum of Los Angeles County, Contributions in Science 350:

1-76, figs. 1-19.

Squires, R. L. 1989. Middle Eocene rocky nearshore molluscs,

Tejon Formation, Tehachapi Mountains, California [ab-

stract]. Western Society of Malacologists, Annual Report

21:18.

Squires, R. L. 1992. New occurrences of the malleid bivalve

Nayadina (Exputens) from the Eocene of Jamaica, Mexico,

and Washington. The Veliger 35(2): 133- 136, figs. 1-6.

Squires, R. L., J. L. Goedert & K. L. Kaler. 1992. Pale-

ontology and stratigraphy of Eocene rocks at Pulali Point,

Jefferson County, eastern Olympic Peninsula, Washington.

Washington Division of Geology and Earth Resources, Re-

port of Investigations 31:1-27, text figs. 1-7, pis. 1-3.

Stewart, R. B. 1930. Gabb's California Cretaceous and Ter-

tiary type lamellibranchs. The Academy of Natural Sciences

of Philadelphia, Special Publication 3:1-314, pis. 1-17.

Turner, F. E. 1938. Stratigraphy and MoUusca of the Eocene

of western Oregon. Geological Society of America Special

Papers 10:1-130, figs. 1-7, pis. 1-22.

VoKES, H. E. 1939. MoUuscan faunas of the Domengine and

Arroyo Hondo Formations of the California Eocene. Annals

of the New York Academy of Sciences 38:1-246, pis. 1-22.

Wade, B. 1926. The fauna of the Ripley Formation on Coon

Creek, Tennessee. U.S. Geological Survey Professional Pa-

per 137:1-272, pis. 1-72.

Ward, L. W. & B. W. Blackwelder. 1987. Late Pliocene

and early Pleistocene MoUusca from the James City and

Chowan River Formations at the Lee Creek Mine. Pp. 1 13-

283, pis. 1-47. In: C. E. Ray (ed.). Geology and Paleontology

of the Lee Creek Mine, North Carolina, IL Smithsonian

Contributions to Paleobiology 61.

Weaver, C. E. 1942 [1943]. Paleontology of the marine Ter-

tiary formations of Oregon and Washington. University of

Washington, Publications in Geology 5 (Parts 1-3): 1-789,

pis. 1-104 [reprinted, 1958].

Weisbord, N. E. 1964. Late Cenozoic pelecypods from north-

ern Venezuela. Bulletins of American Paleontology 45(204):

1-564, pis. 1-59.

Winckworth, R. 1922. Note on the British species of ylnomia.

Proceedings of the Malacological Society of London 22:

23-26.

YoNGE, C. M. 1977. Form and evolution in the Anomiacea

(MoUusca: Bivalvia)

—

Pododesmus, Anomia, Patro, Enigmo-

nia (Anomiidae): Placunanomia Placuna (Placunidae fam.

nov.). Philosophical Transactions of the Royal Society of

London B, 276:453-527.

YoNGE, C. M. 1980. On Patro australis with comparisons of

structure throughout the Anomiidae (Bivalvia). Malacologia

20(1):143-151.


